We demonstrate integration of telecom quantum dots with lithium niobate photonics using a pick-and-place technique. Second order photon correlation measurement performed with an on-chip beamsplitter confirms the single-photon nature of the emission. Thin-film lithium niobate (LiNbO3) is a promising material platform for integrated quantum photonics due to its strong electro-optic nonlinearity, compact nature, and low loss [1]. However, lithium niobate lacks sources of quantum emission that are essential for many applications in quantum information processing. Hybrid integration approach previously used for silicon-based photonics [2-4], can solve this problem by interfacing high quality quantum dots hosted in III-V materials with lithium niobate waveguides. In this work, we demonstrate integration of telecom InAs quantum dots embedded in an InP nanobeam with lithium niobate photonics.
Thin-film lithium niobate (LiNbO3) is a promising material platform for integrated quantum photonics due to its strong electro-optic nonlinearity, compact nature, and low loss [1] . However, lithium niobate lacks sources of quantum emission that are essential for many applications in quantum information processing. Hybrid integration approach previously used for silicon-based photonics [2] [3] [4] , can solve this problem by interfacing high quality quantum dots hosted in III-V materials with lithium niobate waveguides. In this work, we demonstrate integration of telecom InAs quantum dots embedded in an InP nanobeam with lithium niobate photonics.
To experimentally realize this hybrid platform, we used a pick-and-place technique based on scanning electron microscope (SEM) imaging and focused ion beam [5] . We fabricated a suspended InP nanobeam (Fig 1a) , and a LiNbO3 50:50 beamsplitter on separate chips. A microprobe removed the nanobeam from the host InP substrate (Fig  1b) . Finally, the nanobeam is placed on top of the LiNbO3 waveguide with nanoscale accuracy. We used a low temperature (4 K) micro-photoluminescence setup to characterize the hybrid device. A 780 nm continuous wave laser excites the quantum dots directly on top of the nanobeam, and photoluminescence signal couples to the InP nanobeam and LiNbO3 waveguide subsequently. We collected the signal through the grating couplers on the right side of the hybrid device (Insets of Fig 2a and Fig 2b) . Fig 2a and fig 2b show the collected photoluminescence spectra from the top and bottom grating, respectively. We identify 7 emission lines that occur in both spectra indicating that they originated from the same quantum dots on the nanobeam. To confirm that replicated emission lines in Fig 2a and Fig 2b originate from the same quantum dot, we performed a second order photon correlation measurement on the emission line 4. We sent the collected signal from each grating to individual spectrometers followed by two superconducting single photon detectors. Fig 2c shows the second order correlation measurement for this emission when excited by continuous wave laser. We obtain a g (2) (0) = 0.36, when fitting the data to an exponential function of the form g (2) (τ) = 1 − (1 − g (2) (0)) exp(−|τ|/τ0). This value is well below the 0.5 classical limit, and clearly confirms the single-photon nature of this emission.
Our approach opens up the possibility of complex quantum photonic circuits based on lithium niobate and III-V quantum emitters, where electro-optic effect in lithium niobate can modulate and route single photons generated by the quantum emitters. Moreover, by pre-characterizing the quantum dot samples before the transfer and introducing tuning mechanisms such as strain [6] and electrical fields [7] we can overcome the spectral randomness of the quantum dots and realize complex quantum photonic devices containing multiple identical quantum emitters at the telecom wavelengths.
